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The world presented to our senses is essentially 
continuous in space and time. The simplest observations of children 
have shown that we are not born with ways of "breaking up" the v/orld. 
The structures of our knowledge must be developed, and the major 
issue this paper considers is how those structures develop. The 
discussion focuses on Jean Piaget's position and how it compares to 
several alternative positions. The alternative positions discussed 
hold in common that the structures of knowledge are copies of other 
structures. B. F. Skinner and Eleanor Gibson state that the 
structures of knowledge are copies of the structures of the world. 
Benjamin Whorf and the logical positivists believe the structures of 
knowledge to be taken from the structures of language. The 
Gestaltists tried to reduce the structures of knowledge to the 
structures of perception. It is concluded that Piaget provides a 
theory in which structures of knowledge grow from previous structures 
of knowledge through action, disequilibrium, and equilibration. It is 
argued that further research is needed, however, for "equilibration" 
to become an explanatory rather than just a descriptive term. (TW) 
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PREFACE 



Visitors to the Heuristics Laboratory frequently ask one of two 
questions: ''What does Piaget have to do with teaching college level 
physics?" or "What can I read that is good introduction to Piaget?" 
These questions can he answered in several different ways. 

'^n one level, Piaget »s theory describes a series of intellectvial 
stages which must he passed through in order to master the kinds of 
formal reasc^dng processes necessary for an understanding of physics. 
This aspect of the theory provides us with both a description of the 
stages, and a battery of tests for determining an individual's current 
state of intellectual development. To a physicist, these tests carry 
3J1 inherent validity because they are in fact tests of knowledge about 
the physical world. Thus, part of the reason for the popularity of 
Piaget among ph;-sicists is that they have not had to concern themselves 
with whether the stages accurately describe intellectual growth in gen- 
eral. It is sufficient that the theorv describe the particular type 
of growth necessary for physics. Two good introductory references that 
describe the stages are 

H. Ginsburg and S. Opper. Piaget 's Theory of Intellectual Development . 

P.G. Richmond. An Introduction to Piaget . 

It is perhaps unfortunate that the stage aspects of Piaget 's theory 
ore so easy to accept since this tends to distract attention from the 
basic structural foundations of the theory. Piap<»t*s major contribution 
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11. 

to the field of cognitive psychology lies in his successful application 
of a constructionist philosophy of knowledge to the study of hiaman in- 
tellectual development. This aspect of the theory is difficult to 
understand. Furthermore, prior to reading Herh Koplowitz' paper, I knew 
of no suitable introduction to the subject. 

Here, then, is a succinct treatment of Piaget's complex theory with 
special emphasir/ on clarifying the distinction between it and other psy- 
chological theories. It is followed by a shorter paper outlining some 
of the implications of this theory for education - 

Plagetita psychology has its ovn Jargon. Please pay attention to 

the speciedized meanings attached to the following words: 

structures of knowledge 
scheme 

assimilation 

accommodation 

equilibration 

constructionist epistemology 

Readers interested in a short introduction may wish to skip the 
section on Alternative Theories, I would, however, recommend reading the 
section on Skinner, pages 33 - 36. Those interested in additional readingB 
are referred to; 

S. Kuhn. The Structure of Scientific Revolutions . 

R.M. Pirsig. Zen and the Art of Motorcycle Maintainence. 



Jack Lochhead 



liTTRODUCTION 



The world presented to our senses is essentially 
continuous in space and time. We experience the world, 
however, as consisting of objects and events which may 
be bounded In space and time. In knowing the world, we 
break It up and structure It. 

The simplest observations of chlldr^?n show that we 
are not born with ou" ways of breaking up the world. A 
young child may not distinguish between dogs and cats, 
and will not even Judge number or length or speed as adults 
do '^-Piaget, 19^6, 1952). The structures of our knowledge 
must be developed, and the major issue this paper focusses 
on is how those structures deve.\op. In particular, the paper 
will center on Placet's position on this issue and how It 
crmpares to several alternative positions. 

The alternative positions discussed here hold- in common 
that the structures of knowledge are copies of other struc- 
tures. B.F. Skinner and Eleanor Gibson hold that the 
structures of knowledge are copies of the structures of the 
world. Benjamin Whorf and the i^^ical posltlvlsts held the 
structures of knowledge to be taken from the structures cT 
language. The gestaltlsts tried to reduce the structures of 
'cnowledge to the structures of perception. 
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Piaget, on the other hand, believes the structures 
of knowledge to be constructed rather than copied. To ex- 
plicate the notion of construction, a brief description of 
Piaget's theory will be given shortly. This discussion 
should also clarify the notion of a "structure of knowledge" 
which is more central to Piaget's theory than to some of the 
others which will be discussed. 

After Piaget's theory is introduced, and before alter- 
native theories are discussed, the importance of this paper's 
topic should be established: why would anyone be interested 
in the structures of knowledge and how they develop? This 
discussion should lay the grounds for the analysis of the 
alternati^'e theories. 

One purpose ^f discussing the alternative theories is 
to highlight their weaknesses. Some of them have a common- 
sense appeal that makes them attractive, especially in compar- 
ison to Piaget's notoriously difficult theory. An exposition 
of the weaknesses of other theories may make it easier to 
understand why Pit<3:et would propose his own. In the final 
section of the papery- Piaget's theory will be discussed in 
greater depth. Attention will be given to the question of 
how well his theory avoids the weaknesses of the alternative 
theories, and the weaknesses of his own theory will be dis- 
cussed. 



3. 

Plaget's Theory. Schemes : Central to the theory is the notion 
of a "scheme", which may be best approximated as being a 
synonym for "concept". A person Is not necessarily aware of 
his own schemes, and certainly does not usually employ them 
consciously, but rather exhibits his schemes In his actions. 

For example, an infant may have a scheme for sticking 
his finger Into holes In objects. There will be a regularity 
In the way he discovers the hole, sticks his finger In It, 
retrieves his finger, and perhaps repeats the last two steps. 
This regularity Is what Indicates the presence of the scheme: 
It Is evident that the Infant Is doing the same thing each 
time he Is presented with an object with a hole In It. 

For another example, one which Plaget has examined In 
depth, we may consider a person's scheme for Judging amount. 
The dlx'^ferences between the f Ive-year-old • s scheme for amount 
and the eight-year-old • s scheme are highlighted by having the 
childrp make Judgments about the amount of clay contained 
In various lumps. Plaget (1956) has shown that the younger- 
child will think the amount In a lump has changed when It Is 
rolled Into a string, while the older child will think the 
amount has not changed. The children have different schemes 
"or amount . 

Furth (1969, p. 2Sl\) defines "scheme" as "The Internal 
general form of a specific knowing activity . . . The general- 
Izable aspect of coordinating actions that can be applied to 
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analogous situations." In fact, it is a person^s schemes 
which determine when two situations are analogous. It is 
only because of his sticking-the« Inger-in-the-hole scheme 
that the infant considers holding a cup to be similar to hold- 
ing a light socket. And in the example of the five-year-old 
and the eight-year-old, only the latter considers the situation 
of two equal lumps to be the same after one has been rolled 
out. The schemes determine when two situations are the same, 
and this will allow the same action to be performed on them. 
In the example of the infant, the "same action" is simply 
sticking a finger in the hole. In the other example, the 
"same action" is, for the older child, calling the two lumps 
equal and treating them as equal. 

Assimilation: Piaget takes the notion of assimilation, 
"taking into a structure", from biology. To assimilate some- 
thing means very nearly the same thing as to respond to it. 
The important difference is that in assimilating something, 
ore also defines it, and the definition is in terms of the 
assimilator * s schemes. 

Our infant assimilates a cup as "an object to put a 
finger into". He can do this only because he has the ap- 
propriate scheme. A younger infant might only be able to 
grab the cup, and would thus assimilate the cup as "some- 
thing to grab". Our children assimilated the lumps of clay 
to different schemes for amount, and thus produced different 
Judgments and different behaviors. 
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In Plaget's theory, to know something is to assimilate 
it to a scheme. Thus, a person's schemes are the structures 
of his knowledge. Our infant knows the cup as something to 
put a finger into. A younger infant could only know it as 
something to grab. Our five-year-old knows the lump of clay 
and the string of clay to be unequal while the eight-year- 
old knows them to be equal. Our schemes determine what we 
know things as, and all other Judgments we m^ke. 

Acconmioda tion; When a scheme is used, it may need to be 
changed in order to fit the particulars of a new situation. 
This change is called accommodation. Accommodation may be 
simply the stretching of a general scheme to fit the particu- 
lars of a given instance, or it may entail creation of a new 
scheme . 

If we give our infant cups of increasing size, he will 
have to change slightly the way in which his finger explores 
the inside of the cup before withdrawal. By the time the 
containers reach pail size, a different action may be called 
for. If the infant's behavior indicates a distinctly dif- 
ferent approach toward small cups and larger containers, we 
may say that the accommodation has led to creation of a new 
scheme. As Purth (1959, p. 229) has said, however, "There 
are no a priori rules for fudging the extent of modification 
requisite for calling the result a new scheme." 
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Splitting in two is Just one way in which accommo-- 
dation can lead to new schemes. Two schemes can also Join 
to form a new one. At some point in his development, every 
infant combines his scheme for grasping with his scheme for 
watching objects so he can systematically watch what he grabs 
and can grab what he is watching. 

Another form of accommodation is restructuring. For 
example, a child usually first J.udges volume according to 
the largest dimension. (The longer piece of clay is larger.) 
Later, he will Judge it according to the smallest dimension. 
(The thinnest is smallest.) Later, he will vacillate between 
the two. Finally, he will integrate dimensions and attain 
an adult concept of volume. Each change in the volume 
scheme is a restructuring. 

The concepts of accommodation and assimilation are linked 
so that it is sometimes difficult to distinguish them. Roughly, 
assimilation is the modification of obser^'ations to make 
those observations fit internal models, (schemes). Accommodation 

is the modification of internal models to make them 
fit observations. 

Factors influencing development of schemes : Ac- 
commodation can only take place when something is assim- 
ilated to' a scheme, and generally this happens only in the 
presence of something assimilable to that scheme. Thus, the 
environment is the first factor cited by piaget as affectine: 
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development of .schemes. (When discussing these factors, 
Plaget usually separates this first one into physical environ- 
ment and social environment. The distinction .is not relevant 
to the Tjresent discussion). 

The infant ' s schemes 

relating to cups can only be changed if he has cups to play 

with. Schemes relating to amount and volume can only change 

as a result of experience in Judging amount and volume of 

physical things. Note that environment does net play the 

same role in Piaget's theory as it does in Skinner ' s (vhlch is 
dis'^ussed in greater detail belov.)" The 

environment does not act on the person, eliciting r^^ponses 
and affecting the probabilities of the occurrence of responses. 
Rather, the person acts on the environment; the environment 
affects development by providing situations assimilable to 
some schemes but not to others . 

The second factor affecting development of schemes is 
maturation . Piaget is vague about how maturation affects 
development, but he does not see it as a process 

of certain schemes simply appearing after a person attains 
th3 correct age. Rather, he seems to see maturation as a 
limiting factor. Certain schemes need a relatively ad- 
vanced state of neurological development before they can 
appear. Thus, maturation does not cause a scheme to appear, 
but only allows it to develop. 

The third factor in development is equilibration . Furth 
(1969) describes equilibration as follows: 
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It is conceived as the factor that internal- 
ly structures the developing intelligence. It pro- 
vides the splf-regulatlon by whic ) intelligence 
develops x.i r-' '^^ting :o external and internal 
changes. . ;et insists on the factor of equil- 

ibration pc , because he needs a unifying prin- 
ciple of development a?id cannot accept other factors 
as that principle, (pp. 206-207). 

As I understand equilibration, it is the factor which 
"notices" self-contradiction within a person^ s knowledge 
and which reduces this imbalance through construction of new 
schemes. The function of equilibration is much clearer than 
its operation. That is, PI. ^et tells us more about what 
equilibrcxtion does than about how iz dees it. I will rec- 
tum to this point at the end of the paper. 

Knowledge as construction : Piaget's epistemology is 
const '^tionist in two ways. First, the notion of assimil- 
ation entails construction. By use of this notion, Piaget 
emphasizes his position that cups are not given to us as 
cups, and that equali';y Joes not -present itself as such, 
but that we know cups and equalities through our schemes; 
we make that object a cup, we Judge those lumps to be equal, 
and all of our knowing consists of such constructive actions. 

More impr^^tantly for this paper, accommodation entails 
construction. When a new scheme is developed, it is not 
copied from somewhere, and the new scheme is not given in the 
old scheme or in new data. We might say the new scheme is 
created through equilibration. Again, I will return to the 
adequacy of this account of the formation cf new schemes 
later in the paper. What should be understood at this point, 
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however, is ^at Plaget sees the structures of knowledge 
as being constructed by the kncwer as a result of his own 
actions rather than the structures being derived from some 
external source. Each structure is constructed from earlier 
structures and all eventually traceable to a few "prewired" 
structures such as the sucking scheme. 
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ON STUDYING THE STRUCTURES OF KNOWLEDGE 
AND THEIR FORMATION 

Why Study the Structures of Knowledge 

Not all who have studied knowledge have focussed on the 
structures of knowledge. It remains to be explained why 
Plaget's theory, and this paper, would canter on those struc-'- 
tures. We will first consider the role structures of knowl- 
edge play In Plaget's theory. Then, two other attitudes 
towards the structures of knowledge will be discussed: 
Skinner's view that there Is no need to study the structures 
of knowledge, and the view Implicit In some cognitive psy- 
chologists' studies that assumptions about structures of 
knowledge need not be tested empirically nor examined 
philosophically . 

Plaget's Position 

Systematic errors in knowledge : One of Plaget's tasks is to 
expj-ain ho«» it is possible for us to have valid knowledge * 
He begins with an emphasis on systematic errors in knowledge, 
and attempts to explain how a person's knowledge becomes more 
valid. Some examples of these systematic errors are the follovin 

1. Bransford and Pranks (1971) presented subjects with 
sentences basea on four simple ideas, for example: "The ants 
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were in the kitchen," "The Jelly was on the table," 

"The Jelly was sweet," and "The ants ate the Jelly." The 

sentences presented to the subjects contained either one idea 

(like the four sentences above), two ideas("The ants in the 

kitchen ate the Jelly"), or three ideas ("The ants ate the 

sweet Jelly which was on the table"). In the recognition 

part of the experiment, subjects were presented with sentences 

they had heard and sentences they had not heard. They were 

asked to specify for each sentence whether it had been pre-- 

sented earlier, and how sure the subject was of his Judgment. 

Subjects tended to Judge that they had heard four idea 

sentences ("The ants in the kitchen ate the sweet Jelly which 

was on the table") and were surer of these judgments than of 

any others they made. In fact, no four idea sentences had been 

presented in the first part of the experiment- 

The Hublectfl did not Bimnly havr faulty ra«norir*«, "but rather n knowledge 
of events which was systeraically di'^ferent from the events themselves. 

2. When a four year old child is shown a compact row 
of five pieces of candy and a spread out row of four, pennies, 
he knows there are more pennies than candies. (See Figure 1.) 

3. When a naive subject looks at the MUller-Lyer 
figure, shownnin Figure 2, he Judges the horizontal line in 2a to "be 
longer than that in 2b even though the two are the same length. 

^. Michael Cole (1973) reported an experiment in which 
Africans were shown models of animals and of a hunter placed 
on a piece of paper. The model of the hunter would be placed 
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Figure 3 
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at the lower left corner of the paper and the model of the 

antelope would be placed at the upper right corner. (See Figure 3a). 
In half 

the cases, there would also be a model of a rhino, placed 
in the upper left corner. In all cases, the hunter's gun 
would point to the upper left corner, ^-"'^^ Fi^iare 3b) whether or not an 
animal was in that corner. Some time after presentation, 
the subjects were given the models that they had seen pre- 
viously and were asked to p^ace them on the paper as they 
had seen them. Those who had been shown the scene with three 
models placed the models correctly, with the hunter in the 
lower left aiming at the rhino in the upper left 
who had been shown the seeneewithout the rhino tended to 
place the antelope, correctly, in the upper right corner, 
and the hunter in the lower left corner v/ith his gun. incor- 
rectly pointing toward the antelope, as in Figure 3c. 

Knowledge as copy vs. knowledge as construct : These examples 
indicate not that we are sometimes mistaken in our beliefs, 
but that we are systematically mistaken; the errors are not 
random. What this suggests to Piaget is that knowledge is 
not a copy of reality but a transformation or a construction 
of reality. 

Knowledge is a transformation of reality in that 
by knowing thinp^o we attribute to them properties they do not really have. 
We knov/ we have heard sentences which in fact we have 
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not heard. Wa know equal lines to be unequal. We know 
the hunter was aiming at the antelope when he was actually 
aiming at nothing. When we were children, we knew larger 
amounts to bo smaller. Obviously, our knowledge is not mal- 
adaptively invalid: we do not change the world so much that 
we constantly endanger ourselves. But it would seem an 
error to think of knowing as being the passive recording of 
events . 

Knowledge is a construction in that we build our know- 
ledge from our sensory input; again, the input and the know- 
ledge are not Identical. Consider the subject who was 
shown the aiodels of the hunter, antelope, ani rhino, who 
correctly aimed the hunter's gun at che rhino. It would be 
tempting to look at this subject's resetting of the figures 
as playing back a recording of the scene originally shown 
him. It would seem, however, that the subject made use 
of his knowledge of guns as things which are pointed at game, 
as well as his knowledge of animals as things which are shot. 
In other words, this subject was constructing the scene so 
it would make sense to him just as other subjects were in- 
correctly constructing the scene without the rhino in a way 
that made that scene more cogent to them. 

One reason Piaget is interested in structures of know- 
ledge is that he finds them useful in describing the con- 
structive aspect of knowledge, which he does using the 
mathematical notion of a function. 
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Plaget 's function from reality to knowledge : A function 
assigns to each element of one set a corresponding element 
of a second set* For example, by using Social Security 
numbers, a function could be set up assigning to each workinf-: 
person in the United States a nlne-dlglt number* 

One set Plaget is concerned with Is the set of struc-- 
tures by which scientists describe the world. The set In- 
cludes Euclidean structures such as straight lines, triangles, 
and rulers, which are used to describe spatial qualities; 
it Includes logical structures, such as implication and ne- 
gation, used to describe propositions; it also includes jnoral 
structures, such as obligation and fault, used to describe 
social relations. 

The second set Piaget is concerned with is the set of 
a given person's structures of knowledge. Piaget 's studies 
of children can be understood as attempts to discover to 
wlat structures^f knowledge given scientific structures cor- 
respond. 

For example, consider weight. As scientists consider 
weight, the weight of a given object is judged to have in- 
creased if something has been added to the object, to de- 
crease if something has been taken from it, and not to have 
changed otherwise. But to the five-year-old child, an object 
can decrease in weight if its shape is changed so that it Is 
shorter, even if this entailed no removal of matter from the 
object. The five-year-old assimilates weight to a different 
structure from the one scientists use. 
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Young children, ir. theix- drawings, represent triangles, 
squares, and circles all as scribbled closed figures. If 
they are blindfolded and given plastic figures, they can- 
not distinguish among triangles, squares, and circles, thour'r. 
they can distinguish any of these from a doughnut shaped 
figure. That is, the figures which scientists would describe 
in Euclidean terms such as triangles, squares, etc., the 
child assimilates to topological structures such as closed or 
open figures. 

Consider a final example, taken not from Piaget but from 
an anthropologist, Laura Bohannon (I967). Bohannon attempted 
to tell the story of Hamlet to a group of African tribesmen 
in their native language, Tiv, in which she was fairly fluent. 
But the story that was heard was entirely different from the 
story that was told. For example, a focal point of the 
story is that Hamlet's uncle married Hamlet's mother shortly 
after Hamlet's father was murdered. To Englisn speakers, 
the marriage was a suspicious act which automatically leads to 
speculation of wrong-doing on the part of Hamlet's uncle. 
To the Africans in question, the marriage was an honorable 
act as it is a man's obligation to marry his brother's widows. 
Both languages have a word for "father's brother", but the 
related concepts are differently structured. One entails 
an expectation that a "father's brother" may become a step 
father, the other entails a definite expectation that this wiJi 
i»ot occur. 
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A summary of uses of structures of knowledge ; Plaget 
uses structures of knowledge to describe the constructive 
aspect of knowledge. Plaget needs a means of describing 
a person^ s knowledge which will allow a comparison between 
the properties of a part of a person ^s environment and the 
properties of the per n^s knowledge of his environment. 
This comparison can be made by using the concept of struc- 
ture or schema. 

Further, studying structures of knowledge can help us 
understand how a person constructs his world. An awareness 
of the extent to which these constructions vary between ine 
dlvlduals and between cultures Is the key to predicting 
and preventing misunderstanding. 

Although It Is useful to study the structures of 
knowledge It Is not necessary. We now consider a theory 
which deliberately Ignores the concept of schema. 

Behaviorism has had such a major Impact upon modern 
psychology that we assume the reader Is acquainted with 
It, and wjth the position of B.F. Skinner. 

Sklnner^s Position . Skinner considers statements about 
mental structures to be unnecessary at best, and a dis- 
tracting metaphor at worst. Skinner is convinced that 
mental terms can be reduced to descriptions of behaviors, 
their antecedents, and their consequences. He finds the 
study of mental constructs to be useless. In About 
Beha viorism (Skinner, 197^) he dismisses Plaget in one 
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conclude that even preverbal Infants follow rules that 
they ^^somehow abstract^^ from experience. Sklnner^s dis- 
agreement is not with Plaget^s data but with the way he draws 



sentence, and portrays the history of psychology as a suc- 
cession of dreary failures until behavlorlsts learned to 
restrict their attention to the study of envlr :nmental 
contingencies and physiology. The results of this restricted 
attention have Indeed been dramatic, with the behavlorlst 
approach It Is possible to predict and control many com- 
plex human activities. But It Is Incorrect to conclude 
from this success that behaviorism has more scientific 
validity than do other schools of psychology that employ 
hypothetical constructs In their theories. 

Behaviorism as a philosophy : Sklnner^s proscription 
against studying mental constructs must be seen as .philoso- 
phical rather than scientific. Behaviorism Is a philosophy, 
not a science (Strike, 197^^; Skinner, 197^, p. 3). when 
a behavlorlst states that what Is called "thinking" Is 
behavior, he Is not stating the result of a scientific in- 
vestlgation of the phenomenon of thinking which has revealed 
that there is nothing but behavior involved in the phe- 
nomenon; rather, he is prescribing a way of talking about 
thinking which excludes mentalistic language. Similarly, 
when Skinner (197^, p. 127) says "A child learns to catch 
a ball without 'in some sense extracting the rules governing 
traj-jctorles, he is not makinp- an emoirloal stat-.Pm<»ni- . 



aummary; Why Study the Structures of Knowledge ? 

Piaget has several reasons for centering his studies 
on structures of knowledge. In addition, it seems that 
some psychologists might benefit by focusing more on these 
structures. The major points discussei are: 

1. Piaget does not consider knowledge to be a pas- 
sive and exact copy of reality. Rather, he considers know- 
ledge to be a construction based on one's structures of 
knowledge. The notion of construction is needed to explain 
why in knowing things we systematically attribute to them 
properties they do not have. In order to study human know- 
ledge, then, it is not sufficient to study the properties 
of what is known; the structures by v/hich it is known 
must also be studied. 

2. Piaget is interested in how knowledge becomes more 
valid. He sees the scientists 's and the adult's knowledge 
as being more than a matter of the child's knowing less 
than the adult does. He sees the child's concepts, the 
structures of the child's knowledge, as being less valid 
than the adult's. He thus focuses on the structures of 
knowledge to see how they become more valid. 

3. Skinner has raised the objection that one need not 
study structures of knowledge, nor any other mentalistic 
constructs. Rather, he believes it is sufficient to study 
the reinforcement history that has led a given person to 
act in a given way. 
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But there are patterns of behavior which can be des- 
cribed or explained only m terms of structures of knowledge. 
For example, the listener's response to "Hamlet" depends on 
whether one has a European or a Tlv concept of "uncle". 
Knowing the listener's concept, we can predict his reaction 
to th^ story. In order to account for the listener's 
reaction without referlng to structures of knowledge, we 
would have to specify the necessary and sufficient conditions 
of reinforcement history which would produce a given concept 
of "uncle". On philosophical grounds, it appears impossible 
to give such a specification, and structures of knowledge 
must then be referred to to explain or predict .he listen- 
er's reaction. 

Why Study the Genesis of Structures of Knowledp;e ? 

Not all theories that focus on structures of knowledr--. 
are concerned with the genesis of those structures. But to 
Piaget the development of structures is integral to the struc- 
tures themselves. Piaget 's interest in development (genetic 
epistemology ) has many roots. 

Because i t is there . A motive that probably underlies all 
investigations into this area is simple scientific curiosity. 
It is obvious that we acquire concepts and that our con- 
cepts change. The development of our concepts presents itself 
as a phenomenon to be explained. 
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This curiosity does not engage every investigator* 

Clark (1969) for example., is interested in the transitivity 

in adult reasoning, but appears uninterested in how that 

transitivity developed* Also, some people's curiosities are 

more easily satisfied than others'. Anderson and Bower, 

for example, recognized a need for their model of hu'nan 

associative memory (HAM) to be able to acquire new concepts. 

The need was filled, however, ly a rule that states, 

• A universal concept is intruduced into HAM as a 
consequence of encoding a propos:* tional input that 
has one of its nonmemory nodes linked to a memory 
node by a subset (9 ) relation. When this pro- 
po*'"^tion is encoded, this new memory node will 
i-^ijresent a new universal concept. Such propo- 
sitions we will refer to as concept-defining 
propositions . (1973> P • 19 iT"^^ 

This states little more than that concepts are ac quired. 
It does not explain how concepts are acquired, in the sense 
that. it does not explain the origin of concept defining pro- 
positions. Also, it does not explain how concepts cbange 
after they are acquired. (This, of course, does not detract 
from the validity of the rest of the model. A modei maker 
need not be able to answer every question he raises.) 

Put Piagec and several other theorists discussed below 
have been driven to study in greater detail how the structures 
of our knowledge develop. 



Because the structure s are constantly developing . Some 
theorists (Skinner, Anderson & Bower) see the growth of 
knowledge as the accumulation of facts (or responses) within 
a fairly stable structure. For Plaget, however, our know- 
ledge Is constantly being restructured. 

For many philosophers and eplstemologlsts , epls- 
temology Is the study of knowledge as It exists 
at the present moment; It Is the analysis of know- 
ledge for Its own sake and within Its own frame- 
work without regard for Its development . . 
But . . . scientific knowledge Is In perpetual 
evolution: It finds Itself changed from one day 
to the next. As a result, we could not say that 
on the one hand there is the history of knowledge, 
and on the other its current state today, as If 
Its current state were somenow definitive or even 
stable. The current state of knowledge Is a 
moment In history, changing Just as rapidly as 
the state of knowledge In the past ever has 
changed. (Plaget, 1970, pp. I-2). 

To account for the Increa se In validity . Plaget sees not 
only constant change In the structures of knowledge, but 
he also sees a fairly constant direction to that change viz., 
toward greater validity. Knowledge within a phylum, a person, 
or a science, tends to become more adequate, and this" increase 
In adequacy Is not only quantitative (how much Is known) 
but also qualitative (how well .Uructured Is the knowledge). 
Plaget is therefore Interested In the genesis of the struct 
tures Of knowledge to account for the prevailing direction 
of this genesis. 

For educational purp o.es. Education consists not only of increasing 
students' knowledge but also of changing the- structures of students' 
knowledge. Educators therefore have an interest in the genesis of 
sl.-ucturea of knov/ledge. 
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Issues In the study of development . For those who are inter- 
ested In the development of the structures of knowledge 
there are two central Issues. 

First, which structures of knowledge are innate? Ob- 
viously, not al"'. of the structures are innate; peoplt 
different cultures have somewhat different concepts. On 
the other hand, all theories seem to posit some structure 
or structures as being innate. As to which structures are 
innate, there is a variety of answers from Piaget's schemes 

(ie. it is innate that ones knowledf:e is orf^anized by schemes) ito the 
Gestaltist's notion of /;ood forms. 

The second question is how new concepts are acquired 
and how old ones change. One view is that new structures 
are taken from structures of other areas: language, percep- 
tion, or the world. Piaget's position is that new struc- 
tures are constructed tnrough the use of old structures. 
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ALTERNATIVE THEORIES 



We are accustomed to look to genetics and the environ- 
ment for explanations of psychological phenomena. But Plaget' 
notion or construction Is somewhat akin to creation; when 
we know, we go beyond v^hat Is given to us by genetics or 
the environment. To see why Plaget feels a need to take this 
route 5 we should examine a range of theories which locate 
the origins of the structures of knowledge more directly In 
heredity and the environment. 

Five *'heorles will be considered. B.F. Skinner's and 
Eleanor Gibson's hold that the structures of knowledge are 
taken from the structures of the world. Benjamin Whorf 's 
and that of the logical posltlvlsts see the structures of 
knowledge as coming largely from language. And the ges tw- 
ists see knowledge as being like perception and structured 
by genetically given mechanisms. 

Gibson and Skinner: Structures of Knowledge taken from 
Structures of the World. 

Eleanor Gibson and B.P. Skinner both believe the 
structures of knowledge to be taken from the structures of 
the world. They differ, however, in how they believe the 
structures are acquired, and in their attitudes towards v 
structures of knowledge. Gibson is directly concerned with 
how concepts are acquired, while Skinner, as we have seen, 
considers all mentalistic terms to be disti'accing metaphors. 
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(It is thus only metaphoricaily that any position on the 
origin of the structures of knowledge can be attributed to 
him.) Gibson's theory will be considered first. 

The basics of Gibson's theory. Gibson's theory consists 
of a metaphysics, a hypothesis about what is learned in per- 
ceptual learning, and a hypothesis about how that learning 
takes place. I believe Gibson's theory differs from Plaget's 
on all three points. 

Gibson's metaphysical position is that the world has a 
structure. Her hypothesis about what is learned in per- 
ceptual learning is that we learn to detect that structure 
and its critical features. 

I assume that there is structure in the world and 
structure in the stimulus and that it is the 
structure in the stimulus . . . that constitutes 
information about the world. That there is struc- 
ture in the world is self-evident to the physical 
scientist who . . . discovers it. (1969, pp. 13--1^). 

What is learned (in p^^^rceptual learning) can be 
described as detection of properties, patterns and 
distinctive features. (1969, p. 77)- 

Gibson cites three mechanisms of learning: abstraction 
of critical features^;^ learning to filter out irrelevant 
stimuli, and learning to attend to critical properties. 

An alternative to Gibson's metaphysics . In defending 
her own metaphysics, Gibson contrasted It with only one other: 
the view thai the world is unstructured and tnat the meaning- 
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fulness of stimuli depends on "Information derived from other 

sources than the stimulus." (1969> p. 75). I would suggest 

that there Is at least one other alternative: the world is 

infinitely structurable . 

Consider as simple a figure as a red square. What is 

its structure? How jls the figure correctly conceptualized? 

Depending on the context and the viewer, the figure could be 

structured as: 

-"square" + "red" 

-a red rectangle cut in half 

-two red triangles put together 

-a symbol of conununlsm 

-an orange square minus a yellow square 

That is, it is not a matter of discovering the structure of 

a thing (or the critical features of that structure) as, if 

anything, choosing among its structures (see Wittgenstein, 1953, pp. 22-23). 

On Glbson^s view, learning is a matter of taking the c 

covers off of what was there all along and just seeing it. 

Of scientists who made a major breakthrough in the study of 

a particular enzyme, she wrote: 

The scientists who discovered this complex 
structure were indeed performing a job of in- 
tellectual construction involving more than per- 
ception, but the structure was there to be dis- 
covered, not purely imaginary. (1969> p. 1^). 

On tho learning of conservaticn of volume, she wrote: 

Plaget has taught us to think of conservation as 
an intellectual achievement, and in its more con- 
cep^:ual modes it surely is . . . But I should 
maintain that perceiving the event of the wate- 
being poured and perceiving the sameness of the 
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water while it flows through a shape transformation 
from one vessel to another are furidamental to ac- 
quiring the concept of volume, rather than the other 
way round. (1969, p. 388). 

To extend this reasoning, would we say that the non- 
Euclidean structure of the universe was there to be found by 
Einstein? Would we then also have to say that the Euclidean 
nature of the world was there to be discovered by Newton? Or 
that the change in volume of water when it is poured is there 
to be discovered by the preoperational child? 
OibRon'B view that «tnicture8 of knowledge aye octuMly structures df 
the world is Incoherent because r>#»fvnle syatemati'^illy have dlfferentlv 
structured knowledge of the same aspect of the world. 

Gibson ^s view of what is learned . Even assuming there 

is a structure to the world, there is room to doubt Gibson's 

view that what is learned is detection of critical properties 

of that structure. A comparison of earlier to later forms 

of knowledge (child knowledge vs. adult knowledge, adult 

knowledge vs. scientific knowledge, earlier science vs. later 

science) generally shows inadequacies in the earlier form of 

knowledge which can be attributed to faults in the structure 

of the earlier knowledge. (It is not that Einstein knew more 

than Newton, but that the non-Euclidean structure of his 

physics is more productive than the Euclidean structure of 

Newton's physics.) At no point in time do we have grounds 

for believing that our current knowledge has the same structure 

as the world; it seems safer to assume that later developments 

will show some inadequacy in the current state of knowledge, 
(see Kuhn, 1962.) 

It seems doubtful, then, that what is learned at any time is, 
exactly, properties of the structure of the world* 
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It was with the systematic error in knowledge in mind 
that Pia^et undex'iook his study of perception. He found 
optical illui^ions — s»ystematic distortions and over- and 
under- estimations to be the rule rather than the excep- 
tion, and he endeavored to account for the more or less 
adequate knowled^^,e we have throup:h perception. In Principles 
of Perceptual L earn lnr; and Development (I969), Gibson devotes 
three pages to ria^ret's studies of perception, and she states 
tiiat few ocieritists have found Piaget's work to be interesting 
or useful. What is interesting is here Is her own dismissal of Piaget* 
approach : 

I am left with a stronger impression than ever that 
the geometric Illusions are a far cry from percep- 
tion of real things and pictures of real things, 
and that one should be cautious in generalizing 
from them to development of perception of ecologically 
valid sources of stimulation. (1969, p. 409). 

To begin wJth, Gibson's position that line drawings 
are not "real things" is questionable. After all, it is 
not the drawin[; itself that is illusory but rather the pro- 
perties we tend to attribute u it. More important, it is 
not Just in line drawlnr.s but also in the wider world that 
we systematically over- and under-estimate . (Similarly, it 
is not Just in tiie laboratory that the child misjudges volume.) 

The position thai line drawings are not "ecologically 
valid" sources of knowledge Is also questionable. Clearly, 
our perception-based-knowledge of lengths in the Milller-Lyer 
illusion is ge ometrically invalid, but there may be ecological 



validity to the mechanisms producinp; the distortion. Hans 

Purth (1969) has speculated on this possibility: 

Blolot^ically speaking, the fact that the sensorial 
focussing, bring? about a relative overstimulation 
makes sense. Think of the apparant amplitude of 
a warning: sifjnal that must be noticed against 
background noises. Is this perhaps an indication 
that our sense organs have not evolved in order 
to brin/i objective knowledge, but in order to 
provide knowledge thatls useful for the adaptive 
functioning of the organism? (p. 139). 

One more point may serve to clarify this issue. Piaget, 
having decided that knowledge is a construction, is particu- 
larly interested in cases where knowledge is systematically 
Invalid. In such cases, one can observe the difference be- 
tween knowledge (e.g. that line A is longer than line B) 
and reality (that lines A and R are equal) and study what 
It is the knower does to reality in knowing it. On this view, 
cases where knowledge tends to be fairly valid are of less 
interest. The validity is seen as the result of compensations 
of errors, and the errors must be understood first. 

Gibson, howQVer*, sees knowledg.e as being more like direct 
and undlstortod contact with the environment. On this view, 
one would be more interested in studying valid knowledge and 
its development; optical illusions would be seen as figures 
that fool us, and would be only of peripheral interest. As 
the study of error:: is of central importance in Piaget ^s 
approach and of peripheral relevance to Gibson's, it might 
be expected that she would not find his study of illusions 
uo be valuabJe. 



Gibson/ s mechanisms of learning: . As was mentioned above, 

nibson hypothesl?,es three mechanisms In perceptual learning. 

First, she Bays, a concept can be learned by learning to 

distinguish lis critical features: 

I believe the process by which the critical dimen- 
sion Is discovered Is abstraction. . . . Abstraction 
occurs when an Invariant relatlor Is discovered 
over a number of varying objects or events. (1969, 
p. 108). ' 

Her second mechanlsir Is reciprocal to abstraction, 

and is the flllerlnr; out of Irrelevant stimuli: 

Idiosyncratic variations p\e Ignored. . . . (The 
role of Ignoring noncrltlcal stimulation) Is shown 
in experlment:3 with Imbedded figures, where prac-- 
tlce seems to lower the thresnold for seeing the 
contour of a design despite camoflaglng lines 
present in the display. (I969, p. 111). 

The third mechanims is learning to attend to critical 
properties. What is learned here is how to block out irrel- 
evant stimuli from the nervous ^system. This involves such 
acuions as lui»n1ng the head toward a sound, focussing the 
eyes on a particular part of the visual space, and directing 
the fingers toward contact with a particular part of an 
object. All of these actions serve to minimize entry into 
the nervous system of Irrelevant stimuli. 

One obvious criticism of these mechanisms is that they 
do noc explain much, but rather serve to name that which must 
be explained. Gib'.on's description of abstraction leads to 
the question, "How are critical properties abstracted?" 
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r.'.mllarl.Y, one would wajil. to know how a person "learns to 
aLtend to crUlcal properties" and how one learns to ignore 
irrelevant stimuli. Of itself, this is not a serious 
criticism. If Gi_on only rules out alternative mechanisms 
of learnln,^; and raises the above questions, she makes an 
important contribution to psychology. 

I believe, however, that she is raising the wrong 
questions. To be,Un with, there is good philosophical reason 
Lo doubt that most concepts or even classes of objects have 
critical features. (Wittgenstein, 1953, pp. 31 ff.) Gibson 
tends to use examples where there are critical features. 
Por example, in one experiment, she presented subjects 
wxtn a collection of spirals which differed from a target 
spiral in size, number of curls, and/or direction of turning. 
(Olbson, 1969, pp. 77ff). The tendency for a given spiral 
to be mistaken for the target was shown to be a function of 
the number of dimensions by which it differed from the target. 
Also, subjects tended Lo confuse fewer spirals with the 
target after practice. Gibson's conclusion was that subjects 
learned to accurately recognize the target spiral by identify- 
ing the three critical dimensions. 

Cibson does ncL explain, however, how one learns to 
identify size, number, or direction of curl in the first 
place; what are their critical features? She also does not 
concern herself wJth cases in which critical features are 
not evident, ir existent at all. What critical features 



define Lablesv Or the body type or face type characteristic 
of a given family? Or the continuity of appearance or per- 
sonality of a person as he grows up? It has been argued that 
in these instances there is no common thread running through 
the concept - no critical features which captui^e the con- 
cept. Without countering such an argument, Gibson's mech- 
anisms seem inadequate to explain the learninr, of some com- 
mon and important concepts. 

Finally, if, as has been ar^^iued above, Gibson's hypo- 
thesis about wh.at i^^ learned in perceptual learning is wrong, 
her hypotheses about how such learning takes place would 
also be mistaken. If perceptual learning does not consist 
of learnln,: to 'detect properties and patterns of the world, 
the.i perceptual learning cannot be explained as the result 
.'f abstracting and learning to attend only to critical features 
of such properties and patterns. 

^^iLHiariy ^L-^.L^lson. Gioson's theory entails a meta- 
physical position, a hypothesis abc ut what is learned in 
perceptual learnJng, and hypotheses about how that learning 
takes place. Arguments have been flven against all three 
parts or the theory. 

Gibson proposes a world with a str^ucture. The altern- 
ative offered here has been a world which is infinitely 
•structurable. U has been argued that any phenomenon can 
be validly construed not in one way but in an infinite variety 
of ways. 



Gibson's theory holds that what is learned in per- 
ceptual learning; is the detection of critical properties of 
the world's structure. It has been argued here that what 
is learned is often systematically different from what might 
be called the structure of the world or its critical features. 

Finally, Gibson proposes that one learns by abstracting 
critical features of objects and concepts and by learning 
to attend to theiio features and exclude irrelevant stimuli. 
It has been arr.ued that these mechanisms could not account 
for the learning of common concepts which have no critical 
features. It has also been noted that these mechanisms are 
in need of explanations themselves, and that their cogency 
depends upon tfie validity of Gibson's metaphysics and her 
hypotheses about what is learned in perceptual learning. 

i^. F. Skinner 's p osition . 

R.F. Skinner talks of the structure of knowledge only 
as a metaphor, but his view of it, like Gibson's, is that 
l\\c structure of knowledge is copied from the structure of 
the world. 

Not only Is verbal behavior saLd to show the oper- 
ation of innate rules of grammar, but 'innate ideas 
such as shape, size, motion, position, number and 
duration' are said to give form and meaning to the 
confused fragmentary data that we experience every 
day in our lives. Size, shape, motion, position, 
number, and duration are features of the environment . 
They have ()revailed long enough and behavior with 
respect to them has been crucial enough to make the 
evolution of appropriate behavior possible, but 
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contingencies of reinforcement are at work every 
day in the life of the individual to generate sup- 
plementary behavior under the control of the same 
features. (197^, p. 116) . 

Unlike Gibson, Skinner sees no explanatory value in 
:aentalistic constructs such as ideas and concepts (whether 
innate or not). He would rather study the behaviors which 
evidence concepts, and the environmental conditions which 
might produce behaviors and patterns of behaviors. He 
would rather study structures of behavior than structures 
of knowledge, and he sees the environment as determining 
the former: "It may be that there is no structure without 
construction, but we must look to the constructing environ- 
ment, not to a constructing mind." (197^, P- 117). The 
way the environment structures behavior, according to Skinner, 
is given by the law of effect: "One effect of a successful 
behavior is to increase the probability that it will hap- 
pen again in similar circumstances." (Rachlin, 1970, p. 73;. 

On the adequacy of Skinner's environmentalist e::planation . 

Let us examine Skinner's explanation in terms of an 
exampTe, say, teaching a cat not to scratch furniture- The 
training is accomplished by hitting the cat whenever it 
scratches any piece of furniture. The punishment has the 
effect of reducing the probability that the cat will emit 
the same response to the same stimulus. 
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What I see missing, in the behavioristic explanation of 
this learning is an adequate accounting for the word "same" 
as used in the phrases "same response" and "same stimulus". 
The trainer knows what the relevant stimulus objects ar.d 
responses are, out how does it happen that the cat comes to 
refrain from just tho?' responses tc just those stimuli? How 
can a finite number of vanishments prevent an infinite var= 
iety of responses to an infi .ite variety of stimuli? (The 
cat has learned not to scratch in any way any part of any 
furniture . ) 

Supposedly the only property comnon to all instances 
when the cat was punished -- but missing from all instances 
when thp cat was not punished — was that the cat had Just 
been scratching furniture. It is this commonality that 
defines scratching furniture as a behavior to avoid, accor- 
ding to behaviorism. What I would want to argue Is that 
the instances in which the jat was hit had numerous things 
in common which are missing from instances when the cat was 
not punished. 

They are all instances when the cat is scratching furn- 
iture in the presence of the t.-alner (though the cat will 
usually generalize and learn not to scratch furniture even 
in the absence of the trainer) . They may all be Instances 
when the cat scrat'^hes a spot fourteen inches above the ground 
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(though the cat r.ight later scratch at that height on its 
scratching post, but might never scratch furniture at any 
height). They may all be instances when the cat is leaning 
at an angle of 65° - 75° (though the cat if-arns not to 
scratch whJ le leaning at any angle and may later lean against 
the wall at 70°). They might even be the only instances 
in which the cat scratches while music is playing. 

The point of these examples is that no finite set of 
examples can contain all the information needed to properly 
generalize from the set. A purely environmental explanation 
cannot show why superstitious learning is the exception 
ratner than the rile. The environment cannot define for the 
cat what "scratching furniture" is; the cat must make a 
contribution to the learning. Once the cat knows it is being 
punished whenever it scratches furniture, it makes perfect 
sense for it to mend its ways. What Skinner has not accounted 
for is how the learning takes place, how the organism construes 
f e "lesson" in Just the right way^. 

VlhovT and ^ he Logical Positivists; Structures of Knowledge 
Taken from Structures of Language. 

Th' -e is a strong common sense appeal to the notion 
that structures of knowledge derive ^.^m words anr^ grammatical 
structures. It is clear that to every word there corresponds 
at least one structure of knowledge (or scheme or concept). 
Also, some of our concepts relate to grammatical categories 
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and rules. We break the world Into actions and objects 
(verbs and nouns), and we break time into past, present, 
and future (though speakers of languages with different 
tense structures from ours break up time differently). 
These common sense notions about the relations between 
structures of language and structures of thought have been 
formalized Into theories by the logical positlvlsts and 
by Benjamin Lee Whorf. 

Whorf's posltlcn. Whorf's writing is full of examples 
of the relation between thought and language. One gets 
the Impression that he believed that a person's language 
determines the way he knows the world. However, he tended 
to shy away from statements about causality, while spec- 
ulating and citing exainles of how speakers of different 
languages would have different ways of knowing the ..orld. 

Whorf's cross-cultural examples relate both to se- 
mantics and to grammar. As an example 'f the former, he 
pointed out that Eskimos have many words for the English 
"snow" and "slush" (Including words for "snow to build Igloos 
with", "snow that Is good for sledding" etc.), while Azt-c 
has only one word for "cold", "Ice", and "snow". Es- 
kimos know snow differently from the way we know It. They 
know it not Just as snow, but as a partlc lar kind of snow 
with a particular use. Again, one gets the impression that 
Whorf believed that it is because Eskimos have a richer snow 
vocabulary that they know snow in a more discriminating manner. 
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Who^-f compared English tense structure with that of 
Hopl and explained why English speakers keep records and 
histories while Hopl speakers do not on the basis of this 
comparison. The English language treats time as a dimension 
like length which can be broken Into equal units and which 
consists of past, present, and future. In contrast, Whorf 
writes : 

(The Hopl view of time) Is too subtle, complex, 
and ever-developing, supplying no ready-made answer 
to the question of when "one" event ends and "an- 
other" begins. When It Is implicit that every- 
thing that ever happened still is, hut is in a 
necessarily different form from what record cr mem- 
ory repoxts, there is less incentive to study the 
past. As for the present, the incentive would be 
not to record it but to treat it as "preparing". 
But our objectified time puts before imagination 
something like a r-ibbon or scroll marked off into 
equal blank spaces suggesting that each be filled 
with an entry. (1956, p. 153). 



^ r-ve another set of examples from his days as an 
Inves or for a I'lre insurance company. In one Instc^nce, 
workers who were very careful around full gasoline drums, 
were careless around "empty" gasoline drums (which were full 
of gasoli.ie vapor which is much more flammable than is gas- 
oline). He r ^ained the workers' behavior as being a 
result of a confusion of "empty", meaning "containing no- 
thing except vapor, liquid vestiges, or stray rubbish", 
with "empty" meaning "null and void, negative, inert". 
In another factory , workers all-^'ved a substance called "spun 
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limestone" to become overheated; the substance changec? 
chemically from the heat, became flammable, and caught 
fire. "Behavior that tolerated fire close tr the (sub- 
stance ) was Induced by use of the name 'limestone*, which 
because It ends In ^-stone* Implies non-combustabillty . '* 
(1956, p. 136). 

Whorf's summary of his fire Insurance examples might 
serve as a general statement of his position on the re- 
lationships among language, thought, and reality: 

I 
I 

Such examples, which could be greatly multiplied, 
will suffice to show how the cue to a certain line 
of behavior is often given by the analogies of the 
linguistic formula in v/hlch the situation is often 
spoken of, and by which to some degree it is anal- 
yzed, classified, and allotted its place in that 
world which is (to quote Saplr) 'to a large extent 
unco.isciously built up on the language habits of 
the group.' And we always assume that the lin- 
guistic analysis made by our group reflects reality 
better than it does - 



Note that Whorf, like Piaget, focuses on differences 
between reality and properties we attribute to the world when 
we know it. Unlike Piaget, however, he sees language as the 
medium through which we filter the world. 



The logical posltivlsts . The logical posltlvlsts at- 
tributed a somewhat narrower role than did Whorf in explaining 
human thought and knowledge. The posltivlsts held that logic 
is "only a general syntax in the linguistic sense." (Piaget, 
1973). That is, logical structures are in essence linguistic 
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structures and are learned by learning to speak. As 
Plaget cons.-'.ders logical structures to be among the more 
Important structures of knowledge, he has uaken some pains 
to refute the posltlvlsts' position. He presents their pos- 
ition as follows: 

The pi-'incipal operatory structures (of logic) are, 
it is true, included in current language in a form 
which is either syntactical or inherent to the mean- 
ings (semantic ).L . . . Keeping to the current 
meaning of the words sparrow, bird, animal, and 
living being, the subject speaking can conclude 
that all sparrows are birds, that all birds are 
animals, and that all animals are living beings 
without the reciprocal being true, which constitutes 
a heirarchical interlocking of categories, that is, 
a classification. To state, o»^ the other hand, 
that whales are both mammals and aquatic animals 
consists in exprer3ing an intersection . . 
The comparltives 'greater than,' etc-^ load to 
seriations, etc., and the series of whole numbers 
are part of the current vocabulary. As for propo- 
sitional or formal operations, language formulates 
the principal ones: the implication ('if . . . 
therefore'), Ine exclusive or nonexclusive disjunction 
('either . . . or'). . . .As for structures 
much too differentiated and refined to be expressed 
by current language, mathematicians and logicians 
created for their own use artificial or technical 
languages but which, psychologically, are still 
languages. (19733 PP» 110-111). 



Again, on this view, logic v^ould be learned by learning 
to speak correctly. For behaviorists who adopted the pos- 
itivist position, language could be learned through rein- 
forcement of correct speech. One result of this position 
on logic is that what Piaget would call the consistency or 
self-regulated character of knowledge could be explained 
without recourse to mentalistic terms. The tendency for a 
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person's knowledge to be self-consistent could be reduced 
to a consistency of verbal reports, which could be reduced 
to correct use of language. This is contrary tc Piaget's 
position that consistency of knowledge is the result of 
internal processes, and that logic is built by coordination 
of actions. 

Piaget on the role of language in knowledge . To my 
knowledge, Piaget has not conunetTted on Whorf's position. 
His remarks on the logic! positivists, however, apply 
equally well to Whorf. His major argument is that there 
is logic in the infant's action, and structure in the in- 
fant's knowledge before language has been learned. 

Indeed, a scheme is what is generalizable in 
a given action: for example, after having at- 
tained a distant object by pulling the blanket on 
which it had been placed, the child will general- 
ize this discovery into using many other aids to 
draw closer many other objects in various situations. 
... In generalizing themselves, the schemes first 
constitute kinds of classifications. (1973, 

In addition to classification, the logical notion of 
seriation is demonstrated in the infant's action in his 
deliberate ordering of a series of actions in order to 
attain a given goal. The logical structure o^- a group Is 
demonstrated in the infant's maneuvering around detours. 
(The infant learns that moving fi-om point A to point B, 
and then frorn point B to point C, brings the same result 
as going directly from point A to point C; he also learns 



that moving from point A to point B, and then from point B 
to point A, brings the same result as staying at point A.) 
As a final example; 

The coordination of schemes leads, moreover, to 
practical inferences: Seeking an object beneath 
a cloth under which a berat hid been'p^aced^d 
the in?anf ^^en he raises ?he cIo^S! 

nnL^ ^ Sixteen to eignteen months old at 
once concludes that the object is beneath the 
fZ^k "^J^*^^ hid been sUppeS beneath 

fails to'sep'.f"' the'cloth 
lails to see it. (1973, p. 115) 



Classification, seriation, the notion of a group', and 
inference are not present at birth. They must be learned, 
and t.ey are learned without benefit of language. Rather, 
Plaget finds in them the foundations of the same logical 
structures that are later apparant in speech. And the 
concept of the object, and concepts (schemes) for various 
Objects predate (and enable) the learning of words for 
those same objects. Thus, both the positivists' and 
Whorf's positions seem untenable. 
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One other comment should be made about pre-verbal 
logic. It is easy to separate preverbal logic from the 
infant who exhibits it. After all, a stone, when it falls 
from point A to point B and then to point C, goes, in 
effect, from point A to point C. We do not, on account 
of this fact, attribute to the rock knowledge of groups. 

The infant, however, learns to make use of logical : 
structures in order to achieve his ends. When the infant 
detours around an obstacle he makes use of his knowledge 
that AB + BC = AC (Just as irich as he makes use of his ability 
to crawl). Notions such as groups, implication, etc. struc- 
ture the infant's knowledge, as do his schemes for "things 
that can be grasped", "thingr. that can be sucked," '=>tc. 

How can language structure knowledge? If there is a 
correspondence between structures of knowledge and structures 
of language, how can the former be acquired from the latter? 
A language based explanation of the origir. of structures 
of knowledge is incomplete without a description of a learn- 
ing mechanism. But learning mechanisms are generally left 
out of language based explanations of the origins of struc- 
tures of knowledge. 

One mechanism that has been suggested in this respect 
is reinforcement. If logic is simply correct speech, sup- 
posedly it could be learned through operant techniques. I 
have already stated, however, why I do not feel operant prin- 
ciples can explain the acquisition of new concepts. 



Another approach, taken by Chomsky, is to consider the 
rational core of knowledge and language to be hereditary. 
This is not the place to examine Plaget's views on Chomsky's 
rationalist position. (See Piaget, 1970, Section l6.) 
Basically, Piaget agreos with Chomsky's structuralism, but 
sees linguistic structures as the result of construction 
rather than of heredity. 

Finally, there is a common sense notion, which Whorf 
might have had in mind, of how linguistic structures could 
determine structures of knowleige. Consider, for example, 
names of objects. (A similar argument could be made, with 
somewhat more difficulty, with other kinds of words and with 
other structures of language.) The infant hears the word 
"shoe", for example, in many different contexts; the contexts 
all have something to do with shoes, however. The word "shoe" 
in effect, serves to collect together for the infant a large 
set of shoes; it "tags" a large set of shoes as being, Jn 
a sense, all the same thing. The infant, on this account, 
would form a concept of "shoe" and would divide the world 
into shoes and non-shoes because of the use of the word 
"shoe" by its elders. An infant in a culture without the word 
"shoe" would nou have the benefit of having shoes tagged in 
the same way as being similar, and thus would be less likely 
to form the corresponding concept. 

This explanation is lacking in two respects. First, 
it begs the question of how concepts are learned. How does 
the infant abstract from the collection of shoes the noti( 
of "shoeness"? Given that all the objects tagged "shoe" 
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^5. 

have that attribute in common, how does the infant find out 

what it is? (Also, how does the infant come to recognize 

all spoken tokens of the word ''shoe" as being of the sai.ie type?) 

Second, this explanation, like the explanation by rein- 
forcement, depend', on there being something that all shoes 
have in common; it also assumes that the only thing situa- 
tions in which the word "shoe" is used have in common is 
that they have something to do with shoes. As has been argued 
above, there Is nothing all shoes have in common by virtue 
of which they are shoes; and situations in which the word 
"shoe" is used will probably have many things in common, not 
just some relevance to shoes. Therefore, exposure to correct 
use of the word "shoe" is not in itself sufficient to explain 
how one develops the concept "shoe". Such exposure might 
make it more likely that one will develop the concept "shoe" 
but some mechanism outside of language use is necessary to 
explain the development of the concept. 

Summary on language based explanations. Two theories 
have been considered which claim that the structu^'^es of know- 
ledge are taken from structures of language, Whorf held that 
the vocabulary and grammar of one's native language determine 
the structures of one's knowledge. He based his view on 
the facts that speakers of different languages know the world 
differently, and that because of the way we speak about cer- 
tain situations we attribute to them properties they do not 



have. The logical posltlvists held that logical structures 
(which Plaget considers to be important structures of know- 
ledge) are simply linguistic structures, and that logical 
structures are learned by learning to speak correctly. 

While it has not been claimed here that language plays 
no role in the development of concepts, two kinds of arguments 
have been given against the position that all concepts (or 
even all logical concepts) are learned through language. 
First, many concepts develop before speech develops; among 
prt verbal concepts are concepts relating to objects ("bot- 
tle", "Mother", "pacifier", etc.) and logical concepts 
(seriation, groups, implication, etc.). Thus, many important 
structures of knowledge cannot be learned through language 
because they develop before language is acquired. 

The second argument that has been given is that some 
mechanism other tha.: language must be provided to explain how 
concepts develop; language itself does not constitute such a 
mechanism. It was argued that logic could no*-, be learned 
through reinforcement of correct speech because reinforcement 
cannot account for the learning of concepts. Tt was also 
argued that language Itself cannot cause concepts to be 
learned through indicating that a group of objects are all 
examples of a given concept; a mechanism wouldstill be needed 
to explain how the concept is abstracted f^om the examples. 
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Sfistalt Theor ^v 

Like Placet's theory, gestalt theory holds that know- 
ledge is not a copy of the world, but that we filter the world 
through structures Of knowledge. Plaget surr^arlzed the 
gestaltists' position as follows; 

act^of^'iit.nr" ^^^^ considered the 

act of intelligence to consist in the restructuring 
?orm ^^;:^"/^tuatlon in the direction o? a "beSe?" 

Is°Tho f o °p^:.%e°oti'o"r''Jf T'l^'^ 

P^r^^fp^io^n " c^^niinu^t-J^n'ol^"- 

^uL^^^^?h\^:x%u^r?i^^n? Tiu:Tt.i' 

While Piagetsees merit In the structuralist aspects of 
gestalt theory, he takes exception to three of its tenets: 
that the structures of perception are innate, that perception 
is structured by "good forms", and that perception and in- 
telligence have the same structure. It is primarily with the 
last point that we need be concerned here. 

— S^^taltists _:^^osition, The gestaltists did much of their 
research in the area of perception. Their approach in thts 
research was similar to Placet's and different from -Gibson • s 
m that they saw optical illusions as being sources of in- 
formation about the contribution made by the perceiving organ- 
ism to its own perceptual knowledge. Koffka (1935), for 
example, commented on a tendency for psychologists to look 
for special conditions which mislead Judgment when two equal 
lines appear to be unequal: 



^8 

Illusory perceptions were not accorded the same rank 
as non-illusory ones; they presented a special prob- 
lem, whereas the normal appearance presented no 
problem at all. This distinction between two kinds 
of perception, normal and illusory, disappears 
as a psychological distinction as soon as one be- 
comes thoroughly aware of the fallacy which it im- 
plies, much as it may remain as an epistemological 
distinction. For each thing we have to ask the 
same question, "Why does it look as it does''" 
whether it looks ^'right" or "wrong"! (p. 79) 



Even in cases where perception is accurate, Koffka re- 
jected the solution that "things look as they lock because 
they are what they are." (p. 77) He thus recognized the 
problem, ignored by Skinner, Gibson, and other reductionists, 
of how the organism structures sensory data. The gestalt- 
ists* solution to this problem is given in the Law of Pritgnanz 

Psychological organisation will always be as "good" 
as the prevailing conditions allow. In thi3 defin- 
ition, the term "good" is undefined. It embraces 
such properties as regularity, simplicity, and others. 
(Koffka, 1935, p. 110). 



The Law of Pragnanz would explain, for example, why a 
broken triangle, when seen briefly, would look like a complete 
trlan^^e, or why we tend to see the following dots \ \ 
as describing a square rather than two triangles or two 
lines or a triangle and a line; in the first case, a complete 
triangle has a better form, and in the second, the square 
is the simplest form appropriate. The Law also explains 
why triangles and squares are perceived without distortion; 
they are already good forms. It should be noted again that 
the gestaltists believed the laws defining "goodness" to be 
Innate. 
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The gestaltists believed the law of PrSgnanz to 
govern not only perception but also all Intelligent behavior. 
To give Just o'^e example, Wertheimer tried to explain syl- 
logistic reasoning in terms of the la.-? 

''All men" constitutes a whole which is represented 
as located within the complex of "mortals". The 
minor term follows the same course; ",-ocrates" is 
an individual located within the circle of "men". 
So the operation which draws the conclusion from 
these premises, "therefore Socrates is mortal", 
sin.^ y amounts to restrcturing the whole by abol- 
ishing the intermediate circle (men) after first 
'^lacing i':, with its content within the large cir- 
cle (mortals). Reasoning is thus a "re-anchoring". 
"Socrates" is, so to speak, uprooted from the clas 
of "men" in ordez- to be anchored in that of "mortals." 
The syllogism is thus ' nout more ado related to 
the general oi'ganisat'' o . of structures. (^iac:et. 
1960, pp. 59-60}. 



Syllogistic reasoning is tb^s seen as a simplified re- 
structuring of a perception. 

I am unable to find in the gestaltists a general 
statenent of how structures of knowledge are formed. I do 
not know, for example, how they would explain the formation 
of classes such as "iren", "mortals", etc. They do seem to 
Indicate, however, that the knowledge we have of any given 
situation will have as "good" a structure as possible, and 
that all k'-^wledge is structured according to the laws that 
structure ,.perceptua\ knowledge. 

Rla(?;et on t he gestaltists . Because the piestalti^ see 
knowledge as jeing fiUered through structures, their . eor^e 
bear some fundamental .-esemblances to Piaget's. There are, 
however, three important differences relevant to this paper. 
Piaget does not believe perceptual knowledge to be structured 
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by the laws described by the gestaltlsts, he do.;s not believe 
t.iv. laws 0/ perception to be innate, and he does not believe 
all knowledge to be structured by the same Ir.ws as those 
which structure perceptual knowledge. The first two disagree- 
ments derive from Piagefs study of perception. An adequate 
tiieatment of the relevant data cannot be given here, and the 
Interested reader is referred to Piaget, 1969. 

Piaget (1969, Chapter VI) notes several differences in 
structure between perception and intelligence (higher order 
knowledge), but the most important is the property of rever- 
sibility. Perceptual structures are irreversible but 
structures of intelligence are reversiable. 

For example, '^onsider Figure I4. 

^' Be 
' \ ■ , 

Figure h D g 

If the figure (without the letters) is presented tas-h- 
istoscopically, segment AB will appear longer than DE, though 
they are actually equal. Thus, according to the laws of 
perception, AB + BC - BC AB. The laws of perception do 
not allow deformations (eg. the addition of a line segment 
to a line)to be properly corrected; the initial conditions 
cannot be returned to. 

Logical structures, on the other hand, are characterized 
by their reversibility. The child's concept of length attains 



reversibility when he is around five years old; at that age 
he would know that AC - AB = DE. In logical structures, 
every deformation (eg. ♦BC) has a corresponding compensation 
(-BC) which returns the situation to its original state. This 
reversibility, common to all of the conservations, as well 
as to classifications, seriations, groups of displacement, 
etc., is missing in perceptual knowledge. 

Not all schemes are reversible; the preoperational con- 
cepts of length, weight, volume etc. are characterized by 
their irreversibility. The point here is that there is an 
essential characteristic to some structures of knowledge that 
Is lacking in all structures of perception. No combination 
of irreversible structures will constitute a reversible struc- 
ture. Of his .'tudies of the differences between perceptual 
and intellectual structures, Piaget wrote: 

We established, in the case of almost every one 
of the differences, that the transition from the 
structures of perception to those of intelligence 
required the intervention of contributions arising 
in actions or in operations, and tha*- the transition 
could not be explained simply as an extension of 
or an increased mobility in, perceptual structures. 
(1969, p. 310) 

The svructures of perception, whatever they are and what- 
ever their oriRin, cannot account for all of the structures 
of knowledge. Intelligence is not Just a continuation of 
perception, and a different account must te. given for the 
origin of the structures of knowledge. 
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A summary on Alternative Theories 

A major purpose of his chapter was to show why Plaget 
needed a third factor, after genetics and the environment, 
to account for the development of structures of knowledge. 
To tills I examined the Inadequacy of theories purporting; 
to account for this development on the basis of genetics ana 
environment alone, and In the case of each theory two kinds 
of arguments were maae. First, each theory argued that all 
or some of the structures of knowledge are copied from struc- 
tures given In the environment or by genetics; In each Instance 
It was argued that the structures of knowledge must have a 
source different from that proposed by the theory In ques- 
tion. Second, most of the theories proposed mechanisms by 
which knowledge would acquire structures of other d Tialns; 
in each case, the proposed mechanisms were considered to be 
Inadequate to account for the acquisition. 

The arguments given have been as follows: 

1. Gibson argued that the structures of knowledge come 
from structures of reality; the mechanises she proposed to 
explain how those structures are learned centered on the dis- 
covery of critical features of structures of reality. It 
was argued here that the structures of knowledge are often 
different from the structures of reality (If, Indeed, reality 
has a set of structures). It was also argued that not all 
structures have "(irltlca? properties", so that structures of 
reality cannot be learned by discovering their crltLcal pro- 
perties. 

J 
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2. Skinner argued that what are called structures of 
knowledge are just patterns in behavior deriving, through rein- 
forcement, from the structures of the world. Again It was 
argued th. * the structures of knowledge are different from 

the structures of the world, so that the structures of know- 
ledge .ust have a different source. It was also shown that 
the explanation of learning by reinforcement dependr on 
there being Just one thing in common to all Instances when 
an organism is being trained for a given task; it was arguea 
thut any set of Instances has an infinite variety of things 
in common, and that reinforcement alone cannot account for 
the organj-jm's selecting out of the Instances what the trainer 
has in mind for him to learn. 

3. Whorf argued that structures of knowledge come from 
structures of language; the lo?;lcal posit ivists argued that 
logical structures are essentially structures of language • 
It was pointed out that there is structure to pre-verbal 
children's knowledge, so that language cannot be the source 
of all structures of knowledge. It was also argued that no 
adequate account had been given of how structures of know- 
ledge cou]fi be acquired from the structures of language. 

^. The gestaltists saw hereditary structures of percep- 
tion as the basis of all structures of knowlad^^e. It was 
argued that the revorsible structures of intelligence must 
have an origin outside of the irreversible structures of 
perception . 



PIAGEJT'S EQUILIBRATION THEORY 

So far in this paper I have discussed why one would be 
Interested In the origin of structures of knowledge, I have 
sketched Plaget's theory of their origin, and I have shown 
why I believe other theories to be Inadequate. In this final 
chapter It would appropriate to explore the adequacy of Plaget's 
theory. One way to do this Is to compare to the explanations 
given In the previous chapter a Plagetlan explanation of the 
same phenomena. 

The theories discussed In the previous chapter raise four 
questions: How Is It that our knowledge of the world Is fairly 
valid? Why does reinforcement work? How Is logic learned? 
What Is the relation between knowledge and language? If 
theories built around these questions have failed to answer 
them adequately, we should explore whether Plaget's explan- 
ation Is any more adequate. 

Wh y Does Knowledge Tend to be Valid ? 

Plaget, as much as Gibson and Skinner, is aware ox"* the 
adaptive value of knowledge. Whether reaMty has one struc- 
ture or is infinitely structurable , the acquisition of new 
structures of knowledge (whether within an individual, a 
science, or th^ history of a species' tends toward greater 
validity. Piaget is definitely concerned with explaining the 
tendency for knowledge to become more valid. 
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Plag et's explanation. I believe there are six steps In 
Plaget's explanation T how structures of knowledge develop 
so as to Incease the validity of knowledge. 

1. Action. There are many kinds of action. Some 
examples might be grasping an object. Judging the fitness of 
a given woman for a given Job, and designing a system of gov- 
ernment. All action entails assimilation to existing schemes; 
the object Is assimilated as something graspable, the woman 

Is J^islmllated as a woman and as a Job applicant, the problem 
of designing a government Is asslmlllateu to various schemes 
relating to systems, needs and rights of governed -eople, 
etc. All action Is In response to needs which are defined 
In terms of schemes; the Infant needs to know his world and 
can do so by exercising his grasping scheme, the employer's 
need Is defined In terms of his scheme for "employee" or "Job 
applicant", and if one wants to design a government, his want 
is shaped by his concept (or scheme) of "government". 

2. External inconsistency. Every scheme and every action 
has expectations; expectations are usually not met completely, 
and are sometimes found to have been quite inaporopriate . 

The infant may find his fingers closing more than he had ex- 
pected them to in grasping the object. The woman might b« 
more competent than the employer had expected her to be given 
his scheme for "woman". The governmental system might not 
do exactly whaj it was designed to do; this could be discovered 
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by trylnp; out the systerr. .ind then hearing people's complaints, 
or It could be found out by thour.ht and analysis leading to 
the realization of a problem, 

3. Internal Inconsistency. Once the external incon- 
sistency 'Lecome:; knovvn, It becomes int.^rnr.l. The infant dis- 
covers that his hand did not r.top cl0Sx.nK in where he had ex- 
pected it to; the motion:, of his hand are inconsistent with 
the expectations based on his nchomes related to f^raspinp;. 
The employer* discovers the woman to be doinp, a better Job 
than he had expected; his knowledp;e of her performance is 
at odds with his expectation of that performance. There is 
an Inconsistency ! rt a syst.oiii'a \ ->! dolnr. what it was desip;ned 
to do. Th(^:u' 1 ruuMir. I ;:ten(' 1 (^r. k-ad to disequilibrium which 
Is a need for equilibration. 

Mqu 1 1 I brat. Ion . The Inconsistencies cause accom- 
inodat.lons (chan/'/^s In schemes) which may be great or small, 
{permanent or temporary. The Infant may just close his hand 
further than he had expected to. Conversely, he mipht dif- 
rerorU.lato his /'.ivasi")! nj*; r.oheme Into two subschemes: one for 
/*:r*-isf> I n/: r>olI(l ohjc^ct.s arui one for i':ras{)inp-, fur-ry objects which 
have to be r>rasped tighter. The employer might Just consider 
the woman to be unusually competent for a woman, or he might 
chanr:o his scheme f07» "woman" so that It does not imply incom-- 
potenco. The planner mij';ht revise his planned piovornment , 
and he mlpiht also chanr:e some of his Ideas about government 
and systems. The chanpies In schemes will return the situation 
to a state of equilibrium. 
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5. Internal consistency. Equil j Dratlon Is not the i-esult 
or al] kinds of chanp.es in schemes, but only those which lead 
to p^reater Internal consistency. The Infant's grasping scheme 
would not chanp^e so as to lead to an expectation that the 

hand stays relatively open while p,rasplng furry objects. Rather, 
the change leads to expecting the hand will close a lot when 
r.rasplng furry objects; this new scheme is consistent with 
the fact that the infant hand closed rather tightly around 
Iho last object it prasptni. The employer's new concept of 
"woman" will bo consistent with hJo knowledge of his new employee' 
competence. The planner'Ti new concepts of government and sys- 
tems will be consistent with his knowledge of the problems 
in his original plan\ 

6. External consistency. Hofore the schemes were changed, 
thoy wore fairly consonant with earlier knowledge which was 
ra!rly valid. 'I'Ijo now turheitio:; will bo consonant not only with 
earlier kru^wl ed/'o but aliU) with the new discrepant knowledge. 
Accommodation should therefore lead to knowledge which is e\en 
more In acoor»d with reality. Tn future, the infant will make 

a more accurate prasp for furry objeccs, che employer will 
bo more open to beliovlnp a given woman to be cornpetent, 
and the planner will plan governments without the flaws of 
hlr. oar^Ior models. should bo noted that the chanpes in 

S(!heme3 also Implies a change in future actions. It is now 
A different thi np for the Infant to grasp, Jor "he employer 
to Interview a woman, for the planner to plan a povernment be- 
cause the schemes for "grasp", "woman" and "government" have 
chanped. 
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r.ohcMoc n.. follows: ^ 
What leads the chivi t-^, .i 

m favor Of the nex t'h 't hf °^ (schemes) 
ations keep runnin; into Jiff i^n--??'''"'"^" asslmll- 
confiict with ''fac-.-l because they 

with hi. other ;f.''''oi wi Jh '^hlld^^.or ^ 

say, etc . . . Thu^ wh^fo ^ "^^^ People 
atlon to the child s'o^^h ''^'' resists asslnii- 
confllct, and tie .hud^:'""%'^""frft^^ co^^nltlve 
equlUbPlun," motlva ^ hlrn LoT^' °" °^ ^^^^ "dls- 
accon„nodnLo.., hLf L'-he. w^- ?n^Jf conflict: 
^t-- • . . 'J'ho reri.M--, ,ni?;" ^" °^de^ t.0 assimilate 
r^chorna on. a] roa y i • 3 " k/p ' '^'^^^ applying a 
in t he cours. of ^ovo^^p.^^^^t „^^^^?,^°^^"nK new schemas 
the -need- to .nakc ^onso n? n' '^^"^ ^" effect , 

tinr thorn cohorentlv ?n ^^^^^"t problems by fit^ 
Lions. (p. ^" schemas used In past solu- 

.V> the roa.cr. .han;,es in schemes loads to 
.and k„o.lod.o 1. ,.,,,,,,3 ^^^^^^ ^^^^ 

'7'^" "^"^'^'^ -comes apparant, and 

i-i"'" o.iiy .-, i.|,,„„.<. whtoi, will 1,...,,. ,„ ,^ , 

...opt..,. 

explanation nan iwn fi^-^^r^ ^ 

I'Wo cil3tlnctlvG features. First- -h. 
, i irsL, ohe same 

- .-n.,.. e...„..... 
-30 ...e..,,.. ^^^^^^^ ^^^^^^^ ^ 

pcr-nanent. riil- ,.i„„o "^-i-urne 

— 

»""r.., ,., achieved thPourt internal con- 

-3 ..e -.ou=,a.u. 

': ;'7-"" U..„.a:.e. .0.0 
In oi'dop for Lho ir..,t„f , 

tn(. i.r-alnliir Co woi-!< . 
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Whnl T run not :uirc oT 1n wholher Pla/rel's "equilibration" 

explains cor,nltJvo (iovclopinont: or ^^ervos to name that whic:h 

irust be explained. Theodore Mischel seems to lean toward 

the latter Interpretation; 

Questions need answers and problems need solution 
for the person to whom they are problems or ques- 
tions. Hut do we have to enpiap^e in empirical in- 
vestigations In order to discover this? It is 
hard to see how someone could understand that 
somethinr Is a probJoni without understanding-^ thac 
lU nee(lr> to bo Golvod. . . , Could someone have 
tho cGMc'opt or "consistency" and yet fail to 
rrasp thnl, Inconsistent beliefs need to be reconciled? 

. • T want to supiKOst that Planet's f^eneral 
account of equilibration, of the way in which the 
chllcPs awareness of co^nlt^ve perburbatlons 
(confMct.s) motivates his 1 ntel loc tual development 
and funct loriinj': does not constitute a theory to 
bo conririnod or refuted by facts; It is an analysis, 
or ra.:lonal reconstruction, of how we think in accor- 
dance with the norms that p;overn thinking; - an 
analysis which Plap:et uses as a framework for an 
empirical inapplnp; of the stap;es throup;h which the 
child passes In coming to think in accordance with 
the norms of adult lop:lc. (197 , pp. 3^2-3^3). 

1 believe Mischel Is sayin.^, as Strike said of Skinner, 
lhal some oP ri'a;-et's theory Is philosophy, not science; his 
1 III orpf(M.aM on oP "(^lu 11 Ibrat i on" Is that 11- Is not some- 
Ihinr I'iaret has "Poiind" emplrlcaiiy but rather It Is part 
op t,he lan/-uaro In which empirical flndlnp;s should be described. 

v\\ this un(ior'Sta!i(i1n,r , t^ arc two problems with equlllbra- 

lloii t ha< , to my kuov/1 e(Jr(^ , Plarel, has not ber.un to solve. 

I'^trst, the statoment that sche.nes change In the dir- 
ecl.lon of /:reater equilibrium is not sufficiently specix'ic. 
'Phtn*e are m; riy kinds oP ehan/^es t.hat could br^nr, about rreater 
equl 1 1 brlu:" (Jusl .as thorr aro many tilings any set of training 
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IrisLancofl h;.vf In cioiiiiiion) . Cor.nil.ivo cionfllcL can be reduced 
.y soeinc an anomolous Instance as being just an exception 
to the rule, or conversely, any number of changes could be 
made in any of several schemes which would also reduce dis- 
equilibrium. Plap.et is very specific at times about the spec- 
ific stap.es a r.lven scheme r.oes through. The child judees 
i.hc amount, of a nlven subiitanco, for cxainplo, first, on the 
basis of height, then on the basis of width, and then., for 
a period J he will oscillate between the two. During this 
period - of oscillation, the child bep.lns to reason about 
and discover the interdependence of hei^^ht and wldfeh . This 
loads to the final sta/re of the adult concept of amount. In 
general terms, Pia/'.et has explained why each of these stage.', 
I:; :;uccoiisf ul : oacl-. brinr.s about p:reat,er equilibrium. What 
Is not fxplained Is why those particular stages are always 
passed throij,':h. A move Prom judging by height directly to 
t.ho rA.nr.o of oi-.c m at. Ion (^r to [.ho n rial stage would also 
Increase 0(]ui 1 1 br- lum . There are probably other changes that 
could, logically, be made in the concept of amount which 
would also Increase equilibrium. Plaget's theory is not suf- 
Pl(^lpnt.ly exact to |)rpdlct,. In a given i^stctnce, how "equlllb- 
i-lum will bp r-c'ducc-d, nor- can it exp.if., . why certain patterns 
of accommodation always hold. 

The second problem with Plagct 's explanation is that 
he does not explain how 1 1, is that a now scheme can be con- 
structed at all, let alone a new scheme which will reduce 
disequilibrium. Other theories locate the origin of schemes 
In other areas; structures of the environment, structures of 
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]anruar:e, or p:onetlcally nivcn structures. If we take Piaget 
seriously, however, T bolieve he sayc that we create new sehem. 
Wo do not take them from any external source. They Just 
happen to us. Apiain, the neeo to see changes in schemes as 
beinr. the result of creation comes partly because PiageU has 
seen no adequate account of how the new structures might come 
from cxlornnl :>ourcos.. There 1s nevertheless something un- 
satisfying about an explanation by creat on. 

It should be noted that T do not see these two problems 
a;> reasons for abandoning Piaget 's explanation. In particular, 
T see the need for further specification of the specific way 
in which cqulllbrjum will be restored as being a direction 
for future research rather than a weakness in Pi -iget ' s ,theory . 
Tiie oxplanalloii dot^s rule out, altornatlvQ explanationo j and 
It calls for the discovery of laws to play the same role as 
t>-o Law of PrS/^inanz did in gestalt theory. I am, however, 
pu/.zled by the absonse of an explanation of how new schemes 
arc created. 'I'his may be a philosophical rather than an em- 
plr lo'il problpm. 'Vhc solution might not lie in finding new 
lawr> and mechani :;mr. , but might rather lie In concluding that 
the (M'oallon of nrw r.rheinos Is in fact creation, not under 
C(^ntpol of orivl rcnufionl and heredity, and therefore, outside 
the realm of science. 

Why Does Reinforcement Work? 

Although Piaget has not, to my knowledge, tried to 
account for the (Effects of reinforcement training in hJs 



t.orms, t.ho.>o is one polnl; he has err.jhas 1 zed ; the stimulus 
nmJ t.ho ror.p.-^rir.r arr- lo,Tioal]y Inlordopondont . What It means 
for sonieininr t.o bo a stimulus is that it is assimilated to 
a scheme, and a r.cheiae is a p.eneral way of acting on something. 
We never know thlni^s except as soniethinp; to grasp, something 
to hire, somethlnr to scratch, etc. Thus, the connection be- 
tween the stimulus and the response is not made by the rein- 
forcement but rather exists to bepiln with in the fact that 
t.ho stimulus In a r.tlinulus; that it Is a stimulus means, by 
(iorinltlon, lh:\l It will facl] iLato a riven response. 

T h(^i:ovf- i-r liiroi'i>oinont r)1ny:; a (ilfforont r-olo in a Pla- 
rctlan account df rel tirorcomont l.ralnlnr. from the role it plays 
in a Sklnnerlan explanation. To Piap;et , the trainer's aroll- 
catlon of reinforcoTnent after a certain behavior is, first of 
all, a condition of che environment to be assimilated by the 
trainee. The trainee's schemes must chanpie so that he now 
expects relnforcomont to be a consequence of that behavior, 
ar.(] r.n l.hni f h(> l)(>hnvlor liooorner. a monnn to him of obtaininr 
WW i'.>l:ir()i'i>('mcni . wil.li ijctter knowlod/re of h 1 r; f-nvlronment , 
It makes porfoot sense that the trainee is more likely to do 
that for which ho is reinforced and avoid that for which he 
is punished. (This is true by definition of the words "rein- 
force" and "punish".) 

Reinforcement affects learnlnr in two ways. First, 
nr. was inent!ono(] above, i ho trp'noo loams it is beinp;, rein- 
forced for a oofiain action, r.ooond. by makinr a certain 
action more probable, it accelerates the development of the 
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nchoMio direct in,' that. acUon. ff, bocaui.c of reinforcement, 
we are encoura/red, say, to play with clay in a way which re- 
quires us to .)udp;e volumes of pieces of clay, our schemes 
for ,1udp;lnp; volume are liK^iy to develop more rapidly. Th 
learning is the result of accommodation caused by disequilibrium 
caused by action, and u.ie action is made more likely because 
of the reinforcement. This is quite different from the Skin- 
fu-rlan explanation whereby the reinforcement serves to connect 
a response to . stlniulus. 

The Piap.etian explanation of rein, rcement training is 
much more cumberr.ome than the .Sklnnerian explanation, but it 
mariares to account for the effc^ot r. of reinforcement while 
avoldlnr i.iio lorl.oal pltf.-n;-. > ''<'i-o,A. 1n the .-.klnner ian . 

How Is r.oi^l c I.eaj'ned? 

Some o|- Fiar.et's wrlti, about lof^Jc are amonf^ his most 

difficult Pieces tc jnderr;tand. lie does indicate fairly clearly, 

however, two trends ir. he development of lopic. 

P.li'St, t\.} deve-xopmoiit of a.iy riven scheme is in tne 
<ilr<MMIon of hirh.^i- lorlcal I r-uM.u r-o . Above all, this means 

the direction of greater /-everr. I b 11 xty ; there become more ways 

In whicli r.omc a.^.pcct. of ar. object ran chanf^e without th*- Iden- 
Mty or quantity of the obj-ct chanr J .1,' . The concept of vol- 
ume, for example, is at first irreversible; a change in an 
object's shape Is taken to imply that its volume has cnanged. 
Tn the adult concept of volume, however, the change In shape 
can be mentaUy \-ovovr.oa , and llie volume .s understock uo 



remain unchnnr-d. i ,„ I 1 ■„■! y , n. aoull, Ka^jdoau concept 
of space la inor.. ul;r, ,,t ,.,,,1 r-.-vpr-s l h i r. n . v,« . „ 

fant-.'s topolorl, u,,,.., of .,, ..-0. (.,..,,,,.,, ,.,eh as ad- 

ding lenp:th 1,0 a 1 i n. and H,u„ U.^ or i .-ni ni, 1 0.1 of « shape 
are reversiblo m Ku,- 1 1 .n ,-on,Mry. rur op.raUons thus 
have a stab! lily a,.d a m.. ,,, i ,„-rni n,..n ^ M,,,i i;. „,,;,. ing in the 
infunt's r;eo(iK--i . 

The sooon.i 1,-, ,„ 1 i„ ,,,,,„, ,„ I,, i. Ls towards 

rrealor connr 1 ou.„„ . ., ,,l,.,ira>-: , .xam,/! , the in^ 

fant. may ,an1 nl .nt , ,.n I 1 y , , o,.., i„ and may later 

rroup ob.leot:-,. I - .a , .1 o,,. , 1 , .y ar r,,,- . .■..H-alfir purpose. At a 

lalor po.n1: ho will ,„ ,,,|, „,l nha„l r,-oap1„r objects. 

■'"^ ' '•■ "-n. ,„ ,,..up oo.i.ci. .or.ether ab- 

SU-acLly by ,ion„ Mian p.,,,, 1 ■ . u a,. a., hes the Stage 
Of formal opornl i^a win i„ ,„p i., .u rules gov- 
erning addlt'on, a,M will I,.. al,|.. i„ ,|, ,'a>u. .v,.,, more ab- 
ot.ract nystcnn. rn, . ai ,, , i a i ng objects 

torothor Ihur. I. i.v i i , , ■ , . 

' ' '> ) - i I • i ormal oper- 

at.lona] 2chorii(\; , i m i i., , , jt i < , 

'i^i^^ oau.. or ..<,ih i . ^ m ■ m i twaMon . 

' ^ ' i i I tM- » ' I'.i 1,1] i.rrever- 



' * "li^ ' I'l i vo I iiiih ! i to fewpr 



conuradlctlor.:-. .hm , i.-u.. win. t i,, u.y things 

'■r. ,^t . i' abstraction 
l>''' < oiTcrLcM b'-^fore they 
MM fiKi' I r ill jif't'vent a 

cliild from adcilnr to.> ihiny i , i. ^ 

'".V ^' ..I coiicrMion In order to 



aro than Is Ih. Im , , 

and conscJouniic-.;:. M ,)r,);' i,. \\ 
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brlnr 11 lo a oorfaln desirod aix.o. Knowlnp; the laws of 
ari t.hn.et. to cnn prevent an adolescert from makin,"; a certain 
error in calculation, Knowinp; the laws of algebra can pre- 
vent a mathematician from makinf^ errors in conr: tructing new 
mathematical structures , Thus , abstraction and consciousness 
lead to better equilibrated systems. 

For Piapiet, then, "lor;ical structures result from the 
prorresslvo equilibration of the pre-lor!;i cal structures*' 
(IMai^ot , '\9C7y p. lO*)). The roots of the hlr:l\ly abstract 
and reversible' Poj'inal loiUcal str-uctures are the concrete and 
Irreverniblo schom'.^s of tho infant. The motivatin^r force of 
t'lie developii'ent 1:3 equill urat !on . 

What Is t he Relation between Knowledp;e and Lanr:uage ? 

Thin quest. Ion entails two issues: the origin of speecn, 
and 1 hp corrc^lailon oetw^nni structures of knowled're and struc- 
t.ur(^L) oV I auruaiT^? . 

Th e orlfin of speech . To Piaget, speech i^ enabled by 
Iht^ somlotlo (oT* symbolical) function, ie., tho ability to 
roi>rosent one t.l)lnfr by another. Language is a system of sym- 
bols, moan1n/^s, or connections, and the roo^.s of language 
are In the oarMest schemes. To the infar.t, at various ages, 
sucking on tho nipple means that milk will come, putting a 
handkerchief over a penny means the penny will be chere when 
the handkerchief Is removed, and pulling on a blanket means 
that whatever Is on the blanket will come closer. 
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The seiniollc function enters when the slf^nlflcant be- 
comes differentiated from tne slpinlfled. For* example, although 
sucklnp; on a nipple signifies to the Infanr tnat milk Is going 
to come, thr sucklnp; and the milk are all part of a whole un- 
differentiated by the Infant. On the uther hand, a signifies 
lr> a symbol If It: Is clearly differentiated from the signified. 

Plar:et identifies three kinds of such slgniflers: 
symbolical play (In which objects are represented by gestures), 
deforrod Imitation and drawlnp;, and mental lmap;ery . Each of 
l.hor.o Is done in the absonse of what It represents. 

r.pooch and other r,ystems of noclal slp-.ns develop at the 

same time as the above thr-ee symbolic systems, lo Plaget, 

r.fxu-^ch Is a nyfM.oii) of nymbols , a moans of re-prescnt In^ what 

\i\ not pror.cnl . Knowlodr.*' must bo fa'rly well deveJoped for 

speech to bo possible; to have a word for a given object, for 
example, the child must already have a scheme for the object 

which Is developed to the point that he understa) ' • that the 

objoct exists apai't from his actions on It. Piar.et puts 

knowlodp:e prior to languap.e. 

y^il (^<^^*J'^-*'tat Ion between structures of knowledre and struc - 
i uro*.> or I'^Il^'Jii^L'}' • ^ believe that llnrulstla dotOT*mlnlsm Is 
cont,rary to I ho FMar.etian view. r.tructures of lanf^Mi^ge do 
not determine str^uctures of knowledj^e. The correlation between 
the two klr\dr; of r.t.ruiituros woild be seen as the -result of 
phyrlcal and social environments which Influence both langua.'^e 
and knc wledfo . 
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The child who lives in a physical environment filled with 
snow, and Ii n r.oolal environment which encourages a variety 
of kinds of Interaction with snow, will learn about snow; he 
is likely to develop a hip:hly differentiated set of schemes 
relating to snow. If he makes nunie:PDUSS important uses of 
snow he will bo likely to construct schemes tr identify which 
kinds of snow are best for which uses. At the same time, it 
Ir.llkely that, pooplo In his cnl.turo will talk a lot about snow 
and hav<^ uno n hlp:h]y d I f'^orcnt. latcd snow vocabulary. 

On this account, the coi ji'elation across cultures of 
structures of knowledge and struct^ures of thouf;;ht is due to 
common causes affectinp; both knowledge and lanp;uage. In the 
individual car.o , however, when a particular structure is ac- 
quired, struat.urc^s of knowledfie (schemes) are always acquired 
before the corrtT.pondt np; structure of lanpuapie (word or gram- 
mat, leal foiMii) . 

Summar y 

The knowlodre one r?iins from contact with the world, 
and thu.s, mu(!h of one's b(*havlor, depends on the way in which 
one's knowledf^e ts structured. The orip;in of structures of 
knowledpie is of interest simply as a scientific question; it 
Ir. e.^^peolally of Interest to thone who wish to account for 
the tendency of knowledf.e to be valid, logical, and similarly 
structured to lan/iuare. 

A number of theox^ies were discussed which attempt to 
account for the development of structures of knowledge, and 
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each was .ludr.f^d lo be inaclequate . Tn general, these alterna- 
l Ivo l.hoorli^;> nnw i ho :a/*uoLurcii oT knowlcdi^o as ariylnp; from 
lower-ordered si:ruolures of other areas; reality, language, 
or perception. None of these theories provided a mechanism 
for developing': a higher-ordered structure from a lower-orderec? 
slrucluro. W^r example, the r^staltists provided no means of 
dcvelopini^: reversible structures from irreversible ones, and 
neither Gibson nor Skinner provided a mechanism for constructing 
n concept rJ von a collection of examples of it. 

Plapel provides a theory in which structures of knowledge 
rrow from previous structures of knowledge through action, 
disequilibrium, and equilibration. Jii3 theory gives an 
adc^quatp a(*countlnr for the dovolopmont of structures of know- 
lcdr,c whilt^ pTN.vIdlu/: a mechanism, equilibration, to account 
fOT* rai.slnr the level of r-tructures. Further research is naeded, 
however, for ^'equll 1 braLl on'* to becoine an explanatory rather 
th^n Just a descriptive term. 
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1. T use the word "knowledp;e " in the sense that psycholog , ts 
do, tneanlnr sornQthin/r like "belief". As philosophers use the 
word, knowledr.o Is, by definition, valid, and a phrase like 
"valid knowled/^e" would bo redundant. By "valid" I mean "true" 
or "In accord with the way the wo-ld Is". As much as possible 
1 would liko Lo avoid in this paj .m- the issue of how the world 
really Is; for \.hir. paper, I will make the assumption that 
the description of the world r:iven by scientists Tin those 
fields where there is a consensus amonf^ scientists) is accurate. 
Vi.ir.ot himself oxplores the notion of validity In some of his 

(.^oe Pla-et , 1971 ) . 

:\ :'lr-iko (I97'l) has done an oyrdlonl Job of p rer.entinp; 
ihlr. argument, and the interested reader is referred to his 
paner . 

^. nro,:ory H,.^o.on ovVorr. in ono ori.p oxnrr,,.lo an indication of how ruch 
).' l^^rt to bo f.ypi„ine,i a<;t.or the 1 oc oDVot h^r henn noted: 

A cortuin mother habitually reward, her .mall .on wath iee cream 
"-rtor ho ea.. .pina.h. What additional information voulT 
you need to be able to predict whether the child will- a. foL 

T 7' m'' /'^""""^ "^^^ ----^ or c Love 

or h,U.r M.,(.horV (l<>Y.>, p. xvi i . ) 
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